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Program 13 Experimental Study of the Viscoplastic Response of High Temperature v'_/ 
Structures 


Marshall F. Coyle and E.A. Thornton 



Objectives 

The basic objective of this research program is to investigate experimentally the 
viscoplastic response of thermal structures for high speed flight. An additional objective of 
the experimental program is to provide high quality data for validation of finite element 
analysis using unified viscoplastic constitutive models. 
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EXPERIMENTAL AND COMPUTATIONAL STUDIES 


OF THERMOVISCOPLASTIC PANELS 


Earl A. Thornton, Professor 
Marshall F. Coyle, Graduate Student 

Department of Mechanical and Aerospace Engineering 


Abstract 

The presentation describes computational and experimental 
studies of the thermal-structural behavior of thin panels 
subjected to localized heating. Three research tasks are 
described: (1) development of a finite element 

thermoviscoplastic computational approach, (2) experimental 
determination of material parameters for Bodner-Partom 
constitutive models of panel materials, and (3) experimental 
study of "Heldenfels" panels subjected to intense local heating. 
Recent research progress in each task is reviewed. Development 
of a new experimental set-up for the panel tests is described in 
detail and preliminary test results are presented. Plans for 
future research are highlighted. 
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RESEARCH OBJECTIVES 
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THERMOVISCOPLASTIC RESEARCH PROGRAM 
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FINITE ELEMENT THERMOVISCOPLASTIC ANALYSIS 
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HASTELLOY-X PANEL 
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Elements: 150 320 
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HASTFLLOY-X PANEL TEMPERATURES 
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YIELDED REGIONS 
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RFrTANfiULAR PANEL INELASTIC STRESSES 
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RFHTANGULAR panel inelastic stresses 
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CONCLUSIONS FROM PLANE STRESS COMPUTATIONS 
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TVP RATE FORMULATION 


FINITE ELEMENT FORMULATION 
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FINITE ELEMENT APPLICATIONS 
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ALUMINUM ALLOY PANELS 
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APPROACH FOR CONSTITUTIVE MODEL 

DEVELOPMENT 
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MATERIAL CONSTANTS IN THE 
BODNER-PARTOM CONSTITUTIVE MODEL 
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Recovery exponent for Z D 


PROCEDURE FOR OBTAINING 
RODNER-PARTOM CONSTANTS (SwRI) 

Conduct a series of Multi-Strain-Rate Uniaxial Tensile Tests 
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SIMULATED TENSION TEST WITH 
STRAIN RATE JUMPS 
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STRAIN 
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HELDENFELS PROBLEM 




EXPERIMENTAL PROGRESS 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


Using Line Heater 

Evaluated Temperature Distribution 

Evaluated LVDTs Data 


MEASURED INITIAL DISPLACEMENTS 




TEST FIXTURE FOR THERMAL-STRUCTURAL TESTS OF PANELS 
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ORIGINAL PAGE IS 
OF POOR QUALITY 





INITIAL TEST RESULTS 
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EXPERIMENTAL TEMPERATURES FOR TEST PANEL 
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EXPERIMENTAL TEMPERATURES FOR TEST PANEL 
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EXPERIMENTAL TEMPERATURES FOR TEST PANEL 
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EXPERIMENTAL TEMPERATURES FOR TEST PANEL 
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EXPERIMENTAL DISPLACEMENTS FOR TEST PANEL 
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PRELIMINARY TESTS INDICATE SIGNIFICANT FLUX VARIATION IN 
X-Y FOCAL PLANE 
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AUTOMATED "X-Y-Z" FLUX MEASUREMENT FIXTURE UNDER 
DEVELOPMENT 




LINE HEATER MEASURED 
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FUTURE RESEARCH PLANS 
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BEGIN CORRELATION WITH ANALYSIS 


CONCLUDING REMARKS 


Recent progress of a research program focused on understanding 
the thermoviscoplastic behavior of structural panels is described. 

The program has three tasks: (1) finite element simulations of 

nonlinear material and geometric behavior, (2) experimental 
determination of parameters for the Bodner-Partom constitutive models 
of panel materials, and (3) thermal -structural tests of panels 
subjected to localized heating. 

Plane stress finite element computations are providing insight 
into panel behavior under different experimental conditions and have 
shown the importance of thermal loading rates. Finite element 
analysis of nonlinear panel bending is under development. This 
capability will permit the simulation of the panel tests and direct 
correlation of predicted displacements and strains with measured 
values . 

A research task focused on the experimental determination of the 
constitutive model parameters was recently initiated. This task will 
provide data for the panel materials for the range of temperatures and 
strain rates to be used in the thermal-structural test program. 

Initial tests will be conducted for the available Hastelloy X 
material; later tests will characterize the 8009 aluminum alloy as 
material becomes available. 

Thermal-structural testing has progressed with the design and 
fabrication of a panel test fixture. The fixture supports the quartz 
lamp line heater, the coolant system and panel insulation. It also 
provides point supports for a panel and supports for LVDTs to measure 
panel displacements. Preliminary tests have measured Hastelloy-X 
panel temperature and displacement histories. Unexpected variations 
of panel temperatures appear to be related to nonuniform incident 
panel heat fluxes. An experimental program to investigate lamp heat 
flux variations was recently initiated. 

Future plans include continued development of each of the 
research tasks. Within the next year correlations of simulated 
thermoviscoplastic panel behavior with experimental data will be 
initiated. 
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